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An amino acid sequence motif, called the WD.40 repeat, has b~en found as a repeat ina large variety of proteins that do not share any obvious 
functional properties. Atpresent, the function of the repeated motif is not known for any of these proteins. Interestingly. recent experiments in 
yeast indicate that several proteins containing the WD-40 repeat re genetically associated with members of the TPR-family. aprotein family that 
is characterized by the presence ofanother repeated motif of unknown function: the tetratrieopeptide repeat, it is conceivable that proteins 
containing the WD--t0 repeat interact physically with ~aenabers of the TPg-family via their espective r peated motifs. 
WD-40 repeat; G protein B-subunit; Protein family; TPR-gene family 
Many proteins contain repeated motifs that may be 
considered as building blocks, representing structural 
elements or functional domains. The deduced amino 
acid sequence of the fl-subunit of heterotrimeric G-pro- 
teins revealed that, except for the first 50 N-terminal 
amino acids, the fl-subunit is comprised of 7 segments 
that show sequence similarity to each other and are 
arranged in tandem [1]. This repeated motif, referred to 
as the WD-40 repeat [2], is characterized bythe presence 
of a number of amino acids, conserved not only with 
respect to the type of side chain, but also in their spac- 
ing. A similar motif has been found in several other 
proteins. Based on the presence of the WD-40 repeat, 
these proteins may constitute a WD-40 family. 
Members of the WD-40 family include: (i) the fl-sub- 
unit of guanine nucleotide regulatory proteins (G-pro- 
teins), a component of the heterotrimeric complex that 
transduces signals from transmembrane receptors to a 
variety of second messenger generating effectors [1,2]; 
(ii) STE4, a functional G-protein fl-subunit homologue 
in yeast (Saccharomyces cerevisiae), involved in a signal 
pathway that controls the response to mating phero- 
mone [3]; (iii) CDC4, a component of the yeast nuclear 
cytoskeleton, required at the late Gj/S phase boundary 
of the cell cycle [4,5]; (iv) CDC20, a yeast gene product 
required for several microtubule-dependent processes at 
multiple stages in the cell cycle [6-8]; (v) Enhancer of 
Split, the product of one of the neurogenic genes in 
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Drosophila [9]; (vi) I2.3, the product of a gene in the 
chicken MHC-iocus [10]; (vii) PRP4, a stable compo- 
nent of yeast U4/U6 small nuclear ribonucleoprotein 
particle (snRNP) [11-13]; (viii) PRPI7, another protein 
involved in pre-mgNA splicing in yeast [13]; (ix) AER~ 
TUP1, a transcriptional repressor in yeast [14--15]; (x) 
MSll, a negative regulator of the RAS-cAMP pathway 
in yeast [16]; (xi) coronin, a component of the actin/ 
myosin complex of the slimemoid Dict),ostelium discoi- 
deum [17]; (xii) PWPI, a yeast protein, containing peri- 
odic tryptophan residues [18]; (xiii) Clbp, a Chlano,do. 
monas protein of unknown function [19]; (xiv) MAKI 1, 
the apparently membrane associated product of an es- 
sential yeast gene, necessary for the maintenance of 
killer M1 double-stranded RNA [20]; and (xv) AAC3, 
the deduced product of a developmentally regulated 
transcript in Dictyosteliunz discoideum that contains 
long AAC repeats (reading fi'ame specifies glutamine in 
this case) [21]. 
A recent search of Protein Sequence Databases 
(SWISS, release 18.0 and NBRF/PIR, release 29.0) 
[22,23] identified only one other protein containing 
more than one region homologous to the WD-40 repeat, 
namely, ligninase, a lignin peroxidase, secreted by the 
fungus Phanerochaete chrysosporhmt [24,25]. It should 
be noted, however, that the second motif in ligninase 
displays a rather weak homology to the WD-40 consen- 
sus sequence. An alignment of all WD-40 repeats iden- 
tified and a WD-40 consensus sequence based on this 
alignment are shown in Fig 1. 
The WD-40 repeat can be divided in 2 relatively con- 
served elements, A and B, spaced by regions variable in 
both sequence and length (Fig. I A). The most impor- 
tant features of the repeat are the LxGH in part A and 
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FiB, 1. (A) The WD-40 eom.-nsus sequence, which represents the consensus for a single repeat, notes those positions at which a single amino acid 
or group of similar amino acids predominates, nl and n2 represent stretches of amino acids, variable in both sequence and length, that separate 
individual members ofthe WD-40 repeat, and elements A and B within the repeat, respectively, x = an), amino acid, ¢ = hydrophobie residues 
preferred, ~= non-charged amino acid. 
(B) Alignment ol" WD-40 repeats constructed manually. The numbering ofthe amino acid residues (between parentheses) is according to the 
references (see text). The number of amino acids constituting  I is indicated, inthe absence ofan element recognizable as A, 19 residues (the mean 
length of the segment o herwise occupied by ¢lenaent A together ~vith n2) have been subtractS. The preferred length for the spacer nl, between 
individual repeats, i  thus around 8residues. If the length of n2 exceeds 6 amino acids, the extra mino acids are indicated by an mtcrisk. Some 
members ofthe WD4O.family are not listed, either because their sequenc¢~ are not yet available (PRPI7), or because they are closely related to 
members already listed (e.g. the different G/Y-subtypes and Cblp which, upon closer inspection, might be considered asthe Chlat~l|,donlonas 
homologu¢ ofthe 12.3-protein (82% similarity). 
the [D,N]xxxxx[W,F,Y][D,N] pattern in part B. The 
connecting regions, nl and n2, contain many charged 
residues and prolines. The distances between the indi- 
vidual repeat units (hi in Fig. 1) vary largely, but hi=8 
amino acids seems to be favoured, resulting in a total 
repeat length of about 42-43 amino acids. 
In some motifs, considerable deviation from the con- 
sensus sequence is observed: some repeats would not 
have been recognized as such were it not for the fact that 
the same protein contains other, better conserved re- 
peats with a proper spacing relative to the more degen- 
erate motif. Obviously° even more divergent versions of 
the motif may have been missed. On a number of occa- 
sions, only element B of the repeat could be identified 
(e.g. PWPI and CDC20 contain no part A at all), sug- 
gesting that part A may be dispensable. In these cases, 
no obvious homologies between on-A parts immedi- 
ately upstream of part B were observed. In the data- 
bases, no protein was found that contains a complete 
WD-40 motif (A+B) in the absence of other sequences 
homologous to the repeat. This might indicate that mul- 
tiple copies of the motif (or part of the motif) are re- 
quired to render it functional. 
What could be the function of the WD-40 repeat? Its 
presence implies ome common structural feature(s) for 
the family members, which may, but need not, imply 
functional relationships. However, the function(s) of the 
motif is not known for any of the members of the WD- 
40 family. The members of the family do not share any 
obvious functional properties. Furthermore, the subcel- 
lular location (if known) of these proteins varies largely: 
some are found in the nucleus (e.g. CDC4, PRP4 and 
TUPI), others in the plasma membrane ( .g. Espl, Gfl- 
subunits, STE4) or as a cytoskeletal component 
(coronin). None of the members of the family has been 
crystallized nor has extensive mutational nalysis been 
done. 
An intriguing observation concerns the fact that, in 
yeast, some of the members of the WD-40 family are 
genetically associated with members of another family 
of repeat-containing proteins: the tetratricopeptide 
(TPR) gene family (for a review see [7]). Based on this 
finding, it has been proposed that members of the WD- 
40 family work in pairs with members of the TPR- 
family [7]. Interestingly, TPR-proteins contain multiple 
repeats of a 34 amino acid sequence motif of unknown 
function. As with the members of the WD-40 family, 
members of the TPR-family are involved in many celia- 
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iar functions and are found in a wide variety of subcel- 
lular locations. In a single case, a direct physical associ- 
ation between members of the two families has been 
demonstrated: the TPR-protein, Ssn60 when paired with 
TUP1, a member of the WD-40 family, functions as a 
general repressor of transcription in yeast [26,27]. Al- 
though the evidence issuggestive, it remains to be estab- 
lished whether TUPI and Ssn6 bind to each other via 
their respective repeats, but undoubtedly this hypothe- 
sis will soon be tested. Clearly, with the relative ase of 
genetic analysis and the availability of many mutant 
strains, the yeast Saccharomyces revisiae provides an 
attractive system in which to study the function(s)of the 
WD-40 repeat. 
REFERENCES 
[1] Forte, H,K.W.. Hurley, LB,, Hopkins, R,S., Miake-Lye, R,, 
Johnson. M.S,. Doolittle. R.F, and Simon, M, (1986) Proc. Natl. 
Acad, Sci, USA. 83, 2162-2166. 
[2] Simon, M.I., Strathmann, M.P, and Gautam, N. (1991) Science 
252. 802-808, 
[3] Whiteway, M,, Hougan, L,. Diehard, D,, Thomas, D,Y,, Bell, L.. 
Saari, G,C,, Grant, F,J,, O'Hara, P. and Mackay. V,L, (1989) 
Cell 56, 467-477, 
[4] Yoehem, J. and Byers° B, (1987) J. Mol. Biol. 195.233-245, 
[5] Choi, W,J,. Clark. M.W., Chert, J.X. and Jon 8. A.Y, (1990) 
Biochem, Biophys. Res. Commun. 172, 1324-1330. 
[6] Pringle, .I. and Hartwell, L. (1981) The Molecular Biology of the 
Yeast Saccharoirl~,ees: Life Cycle and Inheritance (Strathern. 
J.N., Jones, E.W. and Broach. J.R., eds.) 97-.142. Cold Spring 
Harbour Press. NY. 
[7] Goebl, M, and YanaBia, M. (1991) Trends Biochem. Sci. 16. 
173-1776, 
[8] Sethi, N., Montcagudo, M,C., Koshland, D,, Hogan, E. and 
Burke, D,J, (1991) Mol. Cell Biol. 11, 5592-5602. 
[9] Hartley. D,A,, Preiss, A. and Artavanis-Tsakomts. S, (1988) Cell 
55, 785-795. 
[10] Guillemot, F., Billault, A. and Auffray, C. (1989) Proc. Natl. 
Acad. Sci. USA 86, 4594--4598. 
[11] Dalrymple, M.A.. Petersen-Bjorn, S.. Friesen, J,D. and Beggs, 
.I,D. (1989) Cell 58, 811-812. 
[12] Banroques, J, and Abelson, J.N, (1989) Mol, Cell Biol. 9. 3710- 
1719. 
[13] Ruby. S.W. and Abelson, J. (1991) Trends Oen. 7, 79-85. 
[14] Zhang, M,, Ro'~enblum-Vos, L,S,, Lowry, C,'V., Boakyc, K,A. 
and Zitomer, R.S. (1991) Gene 97, 153-161, 
[15] Williams, F,E. and Trumbly, R,J, (1990) Mcl, Cell Biol. 10, 
6500-6511, 
[16] Ruggicri. R., Tanaka, K., Nakafuka, M,, Ka:,:iro, Y,, Toh-c, A. 
and Matsumoto. K. (1989) Proc, Natl. Acud, Sci. USA 86, 8778- 
8782. 
[17] Hos'.o~, E,L,, Bradtke0 B,, Lottspeich, F., GuB~,enhein'l, R. and 
Gerisch. G. (1991) EMBO J, 10, 4097--4104, 
[18] Duronio, R,.1,, Gordon, J,l, and Boguski. M.S. retrieval code: 
SWISS:PWPISYEAST, 
[19] Sehlos~, .I,A, (1990) Mol. Gen, Genet. 221,443-452, 
[20] lgh¢o, T, and Wickner, R,B. (1988) .I. Biol. Chem. 263, 1467- 
1475, 
[21] S~:~w, D,R,, Richter, H,, Giorda, R., Ohmaehi. T. and Ennis, 
H.L, (1989) Mol. Gen. Genet. 218,453-459. 
[22] Devereux, J,, l-laeberli. P. and Smithies, O. (1984) Nucleic Acids 
Res. 12, 387-395. 
[23] Gribkov, M,. McLachlan, A.D. and EisenberB, D. (1987) Proc. 
Natl. Aead. Sei. USA 84. 4355-4358. 
[24] Brown, A,, Sin'ts, P.F.G., Raeder, U. and Broda. P. (1988) Gene 
73.77-85. 
[25] Tien. M. and Tu, C.-P.D. (1987) Nature 326, 520-523. 
[26] Williams, F.E.. Varanasi, U. and Trumbly, R.J, (1991) Mol. Cell 
Biol. 11. 3307-.3316. 
[271 Keleher, C.A., Redd, M.J., Schultz. J., Carlson, M, and Johnson. 
A.D. (1992) Cell 68. 709-719. 
134 
